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• LoI: Link 

• A lot in common with the previous 
presentation! LoI [Link] 

• We focus on specific use cases that 
are motivated by SUSY 

• Do heavy ion colliders present 
unique sensitivity in SUSY 
reach?

https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF7_EF8_Lawrence_Lee-046.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF7_EF8-207.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF7_EF8_Lawrence_Lee-046.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF7_EF8-207.pdf
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• ∃ several cases where the best limits are 
from LEP 

• Especially for EWKinos 

• B-violating RPV EWKinos: 

• No sensitivity anywhere since LEP! 

• Light higgsinos: 

• Naturalness arguments strongly suggest 
that the SUSY Higgsino be light 

• The LHC has a blind spot! Small mass-
splitting region very hard for LHC! 

• Very soft decay products 

• Non-zero lifetimes when very 
compressed 

• Both are challenging because of 
backgrounds from unrelated 
detector activity
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Grazing Collisions - 
“Peripheral”

Pb Pb

Ultra Peripheral! 
Nuclei don’t really “touch” in a QCD 

sense. Only long-range EM 
interactions.

Pb Pb
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“ A L L  C A L O R I M E T E R  C E L L S  
W I T H  E > 5 0 0  M E V  A R E  
S H O W N . ”

E V I D E N C E  F O R  L I G H T - B Y - L I G H T  
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https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1702.01625
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But any particle with EM 
charge can be produced in 

these collisions! 

These diagrams for Wino and 
slepton production 

{n.b. I think since this only couples to charge, the details of the EWKino 
mixing don’t matter here!} 

http://iopscience.iop.org/article/10.1088/0954-3899/16/2/010/pdf

� � �

That measurement focused on 
light-by-light scattering process 

http://iopscience.iop.org/article/10.1088/0954-3899/16/2/010/pdf
http://iopscience.iop.org/article/10.1088/0954-3899/16/2/010/pdf
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e.g. Photon-induced pair-production of charginos in a 
remarkably clean environment! 

Removes reducible backgrounds that make soft-particle 
reco or short disappearing tracks very difficult! 

Two main questions:

Production cross section? 
Background rates/kinematics?

As a function of 
mass, collider, ion 

species Can irreducible 
backgrounds be 
coped with?
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• Energy cutoff (ωmax) limits mass reach 

• Low (relativistic) gamma factor means smaller 
attainable energies 

• ωmax ~ 80 GeV at the PbPb LHC 

• This can’t do better than LEP! 

• So to have more mass reach, we need more 
boosted beams 

• Bigger collider (FCC-hh) 

• Lighter ions 

• Or both!

ωmax ∼
γ

1.2 fm × A1/3
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• Cross sections for photon-photon 
interactions scale like Z4 

• Ca has much lower Z4 than Pb 

• But folding in the luminosities, CaCa 
collisions give the largest rates of chargino 
production per run (i.e. per ~month) 

• 10 events per month for 400 GeV charginos 

• Out of reach for e.g. ILC500 or FCC-ee

(Missing non-hadronic overlap effect 
should only reduce the PbPb line)

Major guidance and technical 
help from David d’Enterria
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• We aim to further study 
production cross sections 

• Moving now to Delphes-based 
kinematic studies for handling 
irreducible backgrounds 

• tau-tau production will 
probably look very much like 
the higgsino case 

• Clean environment may be 
perfect for all-hadronic RPV 
chargino decays. 

• ttbar probably 
dominates! 100 150 200 250
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• We aim to be able to produce sensitivity 
curves (hopefully) in higgsino and RPV 
summary plots 

• Would fit into: 

• Compressed EWK pMSSM 

• RPV Benchmarks 

• We are not seeking central datasets from 
the MC taskforce since these are weird 
samples 

• But we’d like to use common param 
cards as much as possible 

• (What’s the best way for us to get 
those?)
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• I expect the big challenge will be to reduce the background by a few orders of magnitude 

• Focusing on decays of chargino→W+neutralino 

• Focus on hadronic W decays to maximize BR 

• For large mass splittings (on-shell Ws): 

• All-hadronic WW should be nicely balanced in transverse plane 

• Signal should have significantly non-zero MET-significance 

• For small mass splittings (~100s MeV) as favored in pure higgsino scenarios 

• Likely the big background will become tau-tau production 

• May be useful to study how LEP handled this in their chargino searches



T R I G G E R S
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• Triggers are really interesting for UPCs! 

• ~30% of these photon interactions will 
free a neutron from the nucleus at 
infinite eta 

• ATLAS has zero-degree 
calorimeters (ZDCs) after the 
beams are separated 

• Look for energy deposition in ZDCs 
but veto on Minimum Bias Trigger 
Scintillators (MBTS) activity 

• Enables very loose triggers on central 
objects

 V. Hedberg                                                                                ATLAS Technical Management Board  -  10.06.2004                                                                           1 
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• From the YR [1812.06772]… 

• Kr or Ca could have much 
more lumi than Pb 

• Pb beams have a short 
lifetime. Lighter species 
would be able to run longer 
giving even larger gains in 
integrated lumi 

• Therefore, some weeks 
spinning Kr could have the 
same photon lumi with much 
higher mass reach

https://arxiv.org/pdf/1812.06772.pdf
https://arxiv.org/pdf/1812.06772.pdf


F R O M  T H E  Y R  [ 1 8 1 2 . 0 6 7 7 2 ] …
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Not likely that the HI community would support anything other than Pb, p, and a 
tiny but of O 

… until Run 5! Already considering a long run of another species. It would be 
interesting to understand if SUSY-needs could influence this decision  

(i.e. how much do they care that it’s Ar instead of Kr, or whatever)

https://arxiv.org/pdf/1812.06772.pdf
https://arxiv.org/pdf/1812.06772.pdf


A  N O T E  A B O U T  L U M I
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• ~O(inb) sounds like a tiny amount of data 

• But photon-photon luminosities grow as Z4 

• For PbPb, this is a factor of 824 ~ 45 Million! 

• Huge effective luminosities (1 inb x 1e7 ~ “10 ifb”) Z = 82 
Z4 ~ 1e7
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• What about other ion 
species… 

• Can we find a particle 
we can throw faster?

We want a ~stable nucleus with: 
as many protons as possible (to increase Z^4)  

and as few neutrons as possible (to increase gamma)

13 TeV LHC

ωmax ∼
γ

1.2 fm × A1/3
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• Drawing Z4 values and 
ωmax 

• e.g. 78Kr: 

• 50% more omega_max 
than 208Pb 

• ~20-30x less Z4 scaling 

• Maybe compensated 
with larger inst lumi 

• Important to scan mass 
reach of various nuclei

13 TeV LHC
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• We’re interested in mapping out EWKino 
sensitivity of future colliders in UPCs 

• Calculations could be done for 
generic (electrically) charged fermions 

• Requires playing with some 
generators, thinking about the 
parameters of these future colliders 
{ion type, energy, lumi}

https://indico.cern.ch/event/604619/attachments/1450211/2884812/
Proceedings_of_the_PHOTON_2017_Conference.pdf 

addition, since the photon flux scales as the squared charge of the beam, Z2, two-photon cross sections
are enhanced millions of times for ions (Z4

Pb = 5·107 for PbPb) compared to proton or electron beams,
thereby featuring the largest � � luminosities among all colliding systems (Fig. 1, left).

Table 1: Relevant parameters for photon-photon processes in ultraperipheral pPb and PbPb collisions at the FCC:
(i) nucleon-nucleon c.m. energy, psNN , (ii) integrated luminosity per year, Lint, (iii) beam energies, Ebeam, (iv)
Lorentz factor, � =

p
sNN/(2mN ), (v) effective (Pb) radius, RA, (vi) photon “cutoff energy” in the c.m. frame,

!max, and (vii) “maximum” photon-photon c.m. energy,
p

smax
� �

. The last column lists the � � ! H cross sections.

System p
sNN Lint Ebeam1 + Ebeam2 � RA !max

p
smax
� � �(�� ! H)

pPb 63 TeV 29 pb�1 50. + 19.5 TeV 33 580 7.1 fm 950 GeV 1.9 TeV 1.5 pb
PbPb 39 TeV 110 nb�1 19.5 + 19.5 TeV 20 790 7.1 fm 600 GeV 1.2 TeV 1.75 nb
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Fig. 1: Left: Two-photon effective luminosities as a function of � � c.m. energy over W� � ⇡ 5–1000 GeV
in PbPb, pp, and e+e� collisions at the FCC [5, 6, 14], and in PbPb and pp collisions at the LHC. Right: Two-
photon fusion Higgs boson cross section versus nucleon-nucleon c.m. energy in ultraperipheral PbPb (top) and pPb
(bottom curve) collisions. The vertical lines indicate the expected FCC running energies at psNN = 39 and 63 TeV.

2 Theoretical setup
The MADGRAPH 5 (v.2.5.4) [15] Monte Carlo (MC) event generator is used to compute the relevant
cross sections from the convolution of the Weizsäcker-Williams EPA photon fluxes [12] for the proton
and lead ion, and the H-� coupling parametrized in the Higgs effective field theory [16], following the
implementation discussed in [8] with a more accurate treatment of the non hadronic-overlap correction.
The proton � flux is given by the energy spectrum f�/p(x) where x = !/E is the fraction of the beam
energy carried by the photon [17]:

f�/p(x) =
↵

⇡

1� x+ 1/2x2

x

Z 1

Q
2

min

Q2
�Q2

min

Q4
|F (Q2)|2dQ2 , (1)

with ↵ = 1/137, F (Q2) the proton electromagnetic form factor, and the minimum momentum transfer
Qmin is a function of x and the proton mass mp, Q2

min ⇡ (xmp)2/(1� x). The photon energy spectrum
of the lead ion (Z = 82), integrated over impact parameter b from bmin to infinity, is given by [18]:

f�/Pb(x) =
↵Z2

⇡

1

x


2xiK0(xi)K1(xi)� x2i (K

2
1 (xi)�K2

0 (xi))

�
, (2)

2
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https://indico.cern.ch/event/604619/attachments/1450211/2884812/Proceedings_of_the_PHOTON_2017_Conference.pdf
https://indico.cern.ch/event/604619/attachments/1450211/2884812/Proceedings_of_the_PHOTON_2017_Conference.pdf
https://indico.cern.ch/event/604619/attachments/1450211/2884812/Proceedings_of_the_PHOTON_2017_Conference.pdf
https://indico.cern.ch/event/604619/attachments/1450211/2884812/Proceedings_of_the_PHOTON_2017_Conference.pdf
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• Major guidance and technical help from 
David d’Enterria 

• Calculating leading-order cross-sections as 
a function of ion species and chargino mass 

• For now — Only FCC-hh 

• Comparing to WW production rate for 
reference 

• As expected, PbPb has largest cross 
section from significantly larger Z4 scaling 

• PbPb cross sections should be reduced 
by an additional non-hadronic overlap 
correction. Not applied here.
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• But if lighter ions can  

• Reach larger masses because of 
increased ωmax 

• Smaller slope of XS vs chargino 
mass 

• Reach much larger luminosities. 
Taking numbers from YR. 

• Folding in the projected integrated 
luminosities, CaCa collisions give the 
largest rates of chargino production per 
run 

• Missing non-hadronic overlap effect 
should only reduce the PbPb line



I O N  S P E C I E S  O P T I M I Z A T I O N
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• Scanning over ion species for 
fixed chargino mass 

• CaCa is clearly favored 

• Two effects not considered here: 

• For very light nuclei (around 
ArAr) pileup starts to become 
an issue 

• For very heavy ions (PbPb), 
non-hadronic overlap 
corrections further reduce 
cross section


